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Abstract
The project aims to highlight the necessity to improve the Dubai healthcare industry that
witnesses limited smart responses during the global pandemic of Covid-19. Mainly by
suggesting a solution to overcome problems like nursing staff shortage in Dubai hospitals
during Covid-19, which negatively affects the healthcare system's resiliency to a health crisis.
The project suggests the smart approach of using robotic nurses to overcome this problem
and other issues related to nursing staff, like minimizing direct contact with patients, focusing
more on the more complex tasks, leaving more straightforward tasks for robots, and provide
the technology that can increase their productivity level and decrease their risk of getting
infected. A quantitative approach was used to gain insight into the cost comparison of regular
nurses and robotic nurses to examine the financial ability to implement the approach. Based
on the findings, robotic nurses can contribute to improving the healthcare industry without
causing any financial impediments. Another approach examined the project goals
qualitatively by conducting a survey that targets the experts in the field represented by nurses
working in Dubai; the survey added a quality to the project and made it easy to understand if
the proposed technology is encouraged and needed. The analysis resulted in communicating
the difficulty of the experience without technology as an aid. Furthermore, it indicates the
willingness of the nurses to work side by side with robotic nurses during a health crisis.
Keywords: Robotic Nurses, Nursing, Covid-19, Pandemic, Healthcare Industry, Smart
Healthcare, Digital Healthcare.
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Chapter 1: Introduction
1.1 Background
The background of the problem is explained in three parts; the first is that the Dubai
healthcare system did not apply many smart solutions to face the pandemic. A search for the
types of technologies used in other systems in Dubai indicated that they were variant and
advanced, while the technologies applied inside the hospitals in Dubai and specifically during
Covid-19 were limited. These technologies were mainly the use of sterilizing robots for the
hospitals and clinics using UV light that damaged the DNA structure of the virus (Sherif,2020).
Besides, the use of telehealth technology in which patients with other diseases could consult
their doctors without attending the hospital physically. However, in my opinion, a city like
Dubai with highly developed infrastructure could have applied more technologies during
Covid-19. There is still a time to create more technologies as the pandemic is still spreading
with new mutations among the world and the local community. The second part of the
problem is represented by the nursing staff shortage witnessed in Dubai hospitals due to the
high number of Covid-19 patients that exceeded the nurses' energy and abilities to manage
the situation. Accordingly, Dubai Health Authority has urgently attracted the first batch of
nursing medical staff consisting of 88 nurses specialized in intensive medical care from India
in May 2020 (Press Trust of India, 2020). This certainly reflects the strength of the relations
between the two countries, but at the same time, it expresses a need, to which its necessary
to find a solution at the earliest time. The third part is associated with consequences that are
expected to result from the other two problems, like the mental health of nurses who have
witnessed the admission and death of many patients in a short period. According to Sampaio
et al., nurses proved that Covid-19 had increased their rates of anxiety, stress, and poor
productivity at work. Overall, the use of technology will decrease the threat to the medical
staff's health and life. This makes the use of technology, in this case, a smart solution and a
humane solution. Robotics were significantly not present in the health system of Dubai, which
makes me suggest their presence and enhance it to produce benefits for all involved partners,
the nursing staff, the patients, and the healthcare system.
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1.2 Statement of the Problem
The problem is that Dubai's healthcare system is not fully resilient during the global pandemic
of Covid-19. This is indicated by the absence of automation technology and Artificial
Intelligence in the healthcare system to overcome the nursing staff shortage that Dubai is
currently facing due to the high number of Covid-19 cases. Linking these two issues explains
the limited resiliency of the healthcare system, which affects the nurses, the patients, and the
healthcare system's smartness level. Therefore, the problem urges the need to use
automation technology, specifically robotic nurses in the hospitals during Covid-19. This will
help develop the healthcare system of Dubai and provide a well-managed action for the
current pandemic and fast response to any expected future pandemic.
1.3 Project Description and Objectives
The project aims to introduce the technology of robotic nurses to the hospitals of Dubai to
highlight the importance of developing a more competent healthcare system. The project
aims to solve the problem of the nursing shortage and other consequences associated with it
using technology. These main objectives will be achieved through analyzing the cumulative
cost of regular nurses and robotic nurses and a survey that analyses the nurses' experience
during Covid-19. In addition to the goals that I seek to implement in the present time, there
are also other goals and benefits this project will bring, like smartly benefit from the situation
of Covid-19 in learning how to manage similar problems in the future, because a smart city is
always ready for any sudden event with the power of technology. I aim to handle the situation
better in the future. We need to have efficiency in the nursing staff. If human nursing staff is
not available, then the best decision is to rely on technology. I am insisting on robotic nurses
and not doctors because of the higher amount of contact between nurses and Covid-19
patients than doctors. Also, nurses perform challenging and simple tasks, like delivering
medicine, recording vital signs, and providing food. In situations like Covid-19, even simple
tasks look harder and dangerous. This health crisis calls for more developments in the
healthcare field. Using robotic nurses for visual communication, recording vital signs, and
communicating with the nurses for any concern, will make hospitals' ability to control
diseases better and more resilient. However, all these objectives converge upon one goal:
Improving the resiliency of the healthcare industry in Dubai.
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Chapter 2: Literature Review
2.1 Dubai Healthcare System Response During Covid-19
In this challenging phase that the world has witnessed for more than a year now, Dubai
proved its ability to contain the situation. Dubai hospitals, represented mainly by Rashid
Hospital and Latifa Hospital, were the first hospitals in the UAE and the Gulf countries to admit
Covid-19 patients and start with them the preventive measures and the necessary
treatments. Accordingly, Dubai Healthcare Authority received recognition from the
International Hospitals Federation. This recognition came as Dubai prepared a fast action
plan, known as The DHA Dubai's 6 Shield Program. The program focused on minimizing the
virus spread, increase the number of tests, provide the medical equipment needed, and
prepare the facilities for isolating Covid-19 patients. As a result, this program increased the
testing rate for Covid-19 by 80,000 tests per day. Furthermore, the program included the
initiative of Doctor for Every Citizen (DFEC), which provides online consultation for citizens
with chronic diseases to avoid the probability of infection if they attend the hospital
physically. This initiative ensured the continuity of serving other patients, besides the wellmanaged situation inside the hospital for Covid-19 cases (WAM, 2020).
Although nobody expected the quick spread of the Coronavirus, Dubai could still manage and
create a master plan that connects private hospitals with governmental hospitals for the easy
data exchange of patients. Dubai's strategy to address the spread of the virus was indeed
appropriate in the event of a sudden and unexpected situation like Covid-19; still, the
question is if there is a possibility to smartly manage the current situation as Covid-19
continues to spread among the community and if Dubai would repeat the same strategy in
the future in case if another unexpected virus appeared? As Dubai can develop multiple
innovative technologies supported by its robust infrastructure, it can better manage the
present and future situation.
2.2 The Future of Robotic Nurses
According to new research, the International Federation of Robots expects an increase in the
demand for robotics in healthcare by 2022. The medical robotics features characterized by
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the ability to handle higher loads and complex tasks, zero contact with a human, and easy
sterilization can all attract smart healthcare systems to include the use of robotics within their
hospitals. In Japan, the use of robotic nurses proved their efficiency as they decreased the
load on nursing staff. The robotics were mainly used for elderly care, lifting patients, and
robotics with screens for entertainment and face-to-face calls (Khan et al.,2020). This proves
that similar kinds of robots can be used during Covid-19 and other pandemics, in which
patients can be assessed remotely without direct contact with nurses. Another recent study
discussed the advantages of using robotics in healthcare during pandemics, suggesting the
wheeled type robots with screens to allow the nurses to perform regular vital screenings from
a distance. The use of robots will enable assessing patients with proximity without worrying
about the possibility of virus transmission (Tavakoli et al.,2020). Another new research
explained that robotic nurses could be used beside regular nurses as assistants. They can help
deliver food for patients, deliver medicine, collect, and send laboratory samples. Besides
regular duties, they can also perform logistical duties like preparing medical devices and
storing tasks in the hospital. If being performed by a robot during a lethal pandemic, these
duties can help reduce the nurse's possibility of hazard transmission. Also, in the case of
nurses or other decision-makers concerned about the probability that nurses might lose their
jobs, the study suggests that nurses can go through special training in which they manage and
control the tasks done by robotics, thus creating a new professional opportunity for nurses
employed in the future. It is also mentioned that robotics can perform heavier duties
considering that nurses might be suffering from back pain from lifting and ambulating
patients, which makes it easier to rely on a machine for such tasks. Alongside, robotic nurses
can perform a telemedicine task, in which they can allow patients to consult their doctors
from a distance. Robotic nurses can perform the daily protocol that obliges regular nurses to
check the vital signs many times (Christoforou, 2020).
2.3 Nursing Robot Proposed Recently
This pandemic has increased researchers' innovation; it made them look for quick
alternatives to developing the healthcare system. One of the recent researchers focused
on proposing robotic nurses explicitly designed to be used during the pandemic of Covid19. The researchers aim to develop a robotic nurse who can deliver food and medicine
to the Covid-19 patients. They proposed a system that can manage the robot movement
12

to ensure its safe delivery to the patients. The system is powered by intelligent linefollowing and path-planning algorithms and a controller called AT Mega 2560, that can handle
multiple specifications: a huge flash memory of 256kb, register, timer, and counter. Their
design also includes software similar to Visual Studio IDE that can be used in developing
programs and creating codes. This approach approved its efficiency theoretically through
simulation software, which makes applying it in the real world possible as it is designed for
simple and not complex tasks (Satale et al., 2020).
2.4 Benefits of Robotics in Healthcare Services
There is a great expectation that robotics will take the healthcare system to a higher level.
The benefits of using robotics in their various forms will add value to the system. Benefits are
not limited to doing nursing tasks; in fact, other benefits result from that and will reflect on
the whole system, such as reducing human errors and increasing the job's quality. In addition,
the time needed to get the tasks done will be reduced. Also, the reliance on labourers will
decrease; thus, there will be better cost management and higher financial outputs. It is
expected that humanoid robots will be produced in trillions by 2050 for these benefits.
Another feature is the ability to customize the robot for different purposes, ensuring the
sustainability of the healthcare services. Robotics are also expected to increase the safety of
the patients as tasks are done accurately, on time, and more professionally with the power
of machine learning and specific algorithms (Aggarwal et al., 2020).
2.5 The Future of Nurses with the Development of Healthcare Industry
A recent study discussed the possibility of nurses maintain their jobs with the expected
technological developments in the healthcare industry, a topic that concerns all nurses.
Studies about humanoid robots promise the end of paperwork and records, to be replaced
by artificial intelligence and machine learning programming. The developments will include
advanced robotics performing surgeries that will minimize the need for the medical staff
presented in the operation room, and many expected future developments that might allow
machines to make critical decisions. Such studies can allow creating an argument when
suggesting new approaches in medical fields. The study suggests that nurses should develop
their knowledge about using technology in healthcare system to learn how to cope with
future changes; otherwise, they could be easily replaced by machines, especially if the tasks
13

being performed are regular processes. It is estimated that 80% of medical professionals
might be replaced by automation technology in the coming years. This estimation comes from
the advantages that can be provided by automation technology when compared to the
human. An example, robotic nurses can be safer and allow providing extra care for patients.
Also, the nursing shortage problem calls for the need to have new technologies. Thus, current
nurses need to learn how to develop their medical skills and include learning information
technology skills as part of their jobs because regular tasks are expected to be easily replaced.
Still, when nurses are highly skilled, they can help managing and programming machines as
per their medical experience background. Nurses indeed represent the caring and empathy
aspect that might be unexpected to be replaced by a machine. Still, the threat comes from
the continuous development in artificial intelligence technology that can copy human
thinking and feeling. The study insists on a change in the current nurses' educational
background, expressing this situation as a challenge more than a threat to learn and develop
than staying on the same level and allowing the technology to replace them (Pepito & Locsin,
2019).
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Chapter 3: Research Methodology
In this project, a mixed-method methodology is used in a combination of quantitative and
qualitative analysis. The aims of this combination are the following: The first is to gain a more
in-depth understanding of the topic from the financial perspective and provide the decisionmakers with financial analysis to prove the ability to implement this project without causing
a financial loss or any pressure in the healthcare sector budget by relying on a cumulative cost
comparison and a breakeven analysis between the robotics costs and the regular nurses’
salaries, considering that this project needs to be implemented in the nearest future to
manage the pandemic situation. The second objective is to use the qualitative analysis
through a survey to stress the importance of implementing this project, by listening to the
opinions of specialists who have experienced this crisis in the hospitals of Dubai and examine
if there is a relationship between their experience working during Covid-19, and the
suggested approach of using robotic nurses to assist them.
3.1 Quantitative Methodology
The quantitative analysis is done by comparing the cost of both regular and robotic nurses
within a year of operating on the intensive care floor. To analyze this method, I created a
scenario on the intensive care floor in a hospital with eight nurses doing all simple and hard
tasks for Covid-19 patients, which becomes four nurses and two robotic nurses when
assuming that each robotic nurse can replace two regular nurses. I will use different data to
perform the analysis, like differences in cost, differences in care, and differences in
maintenance. The data to rely on for this analysis are the approximate nurses' salaries in the
UAE. The other data is the manufacturer data sheet obtained from the manufacturer website
for the robotic nurse, that is not designed yet to function as a nurse but can be created on
demand for a particular purpose and has specifications that allow performing simple tasks,
like the attached arms, wheels, socializing through a conversation, and the attached screen.
The type of robot chosen for this analysis is the most recent humanoid robot; TIAGo Robot
shown in the image below (PAL Robotics, 2020). The reason I chose TIAGo robot is that it has
multiple features that allows it to perform the nurses’ simple tasks. For example, each arm
attached can carry up to 3 Kgs, which is suitable for carrying medicine and lightweight medical
equipment. The device is attached with many sensors that can help in navigation, carrying
15

equipment, grab items, and perform perception tasks. The head can fully rotate and send a
full picture of the place in case it is used for communicating with regular nurses or doctors
outside the patient’s room. In addition, TIAGo can locate and install the map of the hospitals
for easy navigation and quick access. Also, it has the feature of non-collision which ensure the
safe path for the robot and other people or devices in the hospital environment. Another
interesting feature is the ability to recognize faces and voices, and the ability to speak
different languages. All these features can be controlled from a distance, and the robotic
manufacturers ensure the possibility to design software based on the buyer’s needs.
Accordingly, TIAGo is suitable to act as a nurse and all features can be improved if needed by
customizing the robot (TIAGo-Robots, 2020).

Image 1: TIAGo Robot
3.2 Qualitative Methodology
The second purpose to be achieved through the qualitative analysis done by the survey is to
understand the broad experience of the nurses and the need for technology to help them in
the field. The sample size was 100 nurses. The survey was performed to understand some
characteristics related to working in a hospital without automation technology or advanced
innovative solutions during Covid-19, such as how difficult it is to perform tasks under the
pressure of a pandemic, their desire to obtain help from technology, and the extent of their
16

acceptance to this type of technology. This methodology will help test hypotheses associated
with the project's objectives to help prove the efficiency of the approach and to add quality
to the project that can support the implementation of robotic nurses. The survey is analyzed
using the SPSS tool by comparing the nurses’ responses in the survey sections.
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Chapter 4: Data Collection
To apply the methodology designed for the project and achieve the goal of analyzing the cost
of robotic nurses and regular nurses, and to study the nurses' experience during Covid-19;
secondary data were gathered from different sources to create the cumulative cost
comparison analysis and breakeven analysis. The analysis required data about the chosen
type of robotic nurse (TIAGo), and the regular nurses.
4.1 Data for Robotic Nurses
To gather reliable data about the robotic nurse, as previously discussed, an advanced and
most recent robotic was chosen to rely on for this analysis. The TIAGo robotic is designed for
socializing and customized to work in different fields, including healthcare, as mentioned on
the manufacturer's website. The manufacturer datasheet on the robotic specifications was
used to obtain data related to the purchasing and per-day operating costs. The purchasing
cost can vary depending on the specifically designed features. Still, the highest mentioned
price of 249,750.41 AED was chosen to ensure having a robotic that can perform simple tasks
correctly. The data related to the operating cost was not explicitly mentioned as the demand
for each robot varies. To obtain the data associated with the operating fee, a different
evaluation for industrial robotic was chosen as a reliable source from another study. A study
on the financial analysis on workforce and robotic power by David Conway concluded that
industrial robotic could cost around 2$ only per hour (Conway, 2014). Considering the fact
obtained from the manufacturer datasheet of the Tiago robot, the average useful lifetime
every day is approximately 10 hours, by multiplying the useful lifetime every day with the
expected operating cost per hour, the result is 20$, by converting it to the UAE currency, that
makes the estimated per day operating cost is around 74 AED.
4.2 Data for Regular Nurses
To obtain the nurses' salary, and mainly the national nurses, data were obtained from a
credible Economic Research Institute (ERI) website that analyses wages and forecasts the
changes in wages. Based on that, local nurses receive around 21,000 AED monthly (ERI
Economic Research Institute, 2021). However, this is the approximate value as salaries vary
depending on the educational degree, position, and experience. Accordingly, a local nurse
receives 700 AED per day.
18

Table 1 below summarizes the data obtained from the resources mentioned above:
Table 1: Quantitative Analysis Data
Description

Robotic Nurse

Regular Nurse

Price

249,750.41 AED

-

Per Day Operating Cost

74 AED

700 AED

4.3 Qualitative Analysis Data
For the qualitative analysis, primary data were collected in two steps:
1- Data acquisition was collected through a survey approved by the Institutional
Research and Ethical Board (IREB) of RIT-Dubai. The survey consisted of three sections
and 22 questions on a sample size of 100 participants. It aimed to target nurses
working during Covid-19 and having direct contact with Covid-19 patients to assess
the situation in the field from their perspective and evaluate the extent of their desire
to have robotic nurses working with them in this difficult time. The data were obtained
from a random sample of 100 nurses working in different hospitals in Dubai and
anonymously answered the survey distributed online. Then, data has been
transformed from the study answered into an Excel spreadsheet for further analysis.
The survey response rate is 66.6%, as 100 nurses responded to the surveys out of a
goal of reaching a sample of 150, still, this is considered as a good response rate.
2- Data cleaning and formatting: Data were transformed from the Excel spreadsheet into
the SPSS statistics tool for analysis.
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Chapter 5: Project Analysis
5.1 Quantitative Analysis of Cumulative Cost Comparison
5.1.1 Objective
Create a financial model for operating robotic nurses vs. regular nurses within a year and
indicate if any financial obstacles can prevent the implementation of the approach.
5.1.2 Hypothesis
I presume from the collected data that robotic nurses will cost less over time and regular
nurses will cost more, but they give better care as they will handle the hardest task. Therefore,
based on the main objective of using robotic nurses for simple tasks to work besides regular
nurses as assistants, I hypothesize the approach is financially and functionally efficient,
primarily since this approach is being implemented during a lethal pandemic.
5.1.3 Cumulative Cost Analysis and Findings
This analysis is based on the data sources mentioned earlier. The analysis aims to create a
financial comparison for robotic nurses and regular nurses to learn about the cumulative cost
within a year for robotic nurses and regular nurses. In addition, the analysis would indicate if
there will be a financial loss or unaffordable cost if this solution went through
implementation. This analysis assumes a scenario of 4 regular nurses and two robotic nurses
working in the intensive floor for Covid-19 patients. The assumption of the robotic nurses'
numbers is based on the TIAGo robotics' functions and the initial evaluation that it can do the
essential primary work of the regular nurses. Thus, knowing that approximately eight nurses
are working on the intensive care floor, and if each robotic nurse can replace two nurses, I
finalized the scenario as two robotic nurses and four regular nurses on the intensive floor.
The first step to perform the analysis is to arrange data and calculate the operating cost per
month for robotic nurses and regular nurses. Table 2 below represents the cost of operating
two robotic nurses in a month.
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Table 2: Cost of Operating two Robotic Nurses in a Month
Cost of Operating Robotic Nurse
Description

Cost

Unit

Robot Operating Cost

74.00

AED per Day

Days in a Month

30

Days

Robots per Floor

2

No.

Operating Cost

4,440.00 AED per Month

Besides, Table 3 below indicates the amount paid for 4 regular nurses in a month:
Table 3: Cost of Regular Nurses in a Month
Cost of Real Nurse
Description

Cost

Unit

Salary of Real Nurse

700.00

AED per Day

Days in a Month

30

Days

Real Nurses per Floor

4

Operating Cost

84,000.00 AED per Month

Based on the data presented in Table 2 and Table 3, Table 4 below explains the cost
comparison for robotic nurses and regular nurses. In addition, data were used to determine
the pay pack period for the healthcare system if the robotic nurses were purchased.
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Table 4: Cost comparison for robotic nurses vs. regular nurses.
Cost Comparison Robotics Vs. Real Nurses
Description

Cost

Unit

Per Month Saving

79,560.00

AED

Cost per New Robot

249,750.41

AED

Cost of 2 Robots

499,500.82

AED

Pay Back Period

6.3

Months

Referring to Table 4, since the salary paid for four nurses in a month is around 84,000 AED,
and the operating cost for two robots in a month is about 4,440 AED, that means when using
robotic nurses, the hospital will save 79,560 AED per month. Initially, the robot cost might
look expensive, but with the amount saved every month, that will pay back the hospital the
amount paid to purchase the robot in around 6.3 months. Therefore, the first evaluation for
this comparison indicates that this solution is also inexpensive in addition to being smart. To
ensure the usefulness of this comparison, I studied the cumulative cost within a year, as
shown in Table 5 below.
Table 5: Cumulative cost comparison in a year.

According to Table 5, the salary of 4 real nurses will remain constant every month, while the
robot will cost only when purchasing it in the first month. The low cost of operating two robots
that are 4,440 AED and could sometimes be not needed as it is based on the demand, and
therefore hospitals can manage the high initial cost. Because, when analyzing the cumulative
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cost for real nurse and robotic nurses, regular nurses will have the higher cost as the monthly
salary is high and with every month, they will be paid with the same amount, which makes it
by the end of the year around 1 million for four nurses only. On the other side, robotic nurses
will add the operating cost only to the initial cost, which will reach only around half a million
by the end of the year. This analysis indicates that the use of robotic would reduce the amount
of money needed to hire regular nurses. Thus, it proves that smart solutions can create a new
vision for financial analysis. Based on that, the cost is not an obstacle to implementing this
solution as soon as possible to manage the current situation of the Covid-19 pandemic and
continue digitalizing the healthcare system to face any future pandemic like Covid-19.
Figure 1 below shows the difference in the cumulative cost within a year for both options. It
is clear as indicated, that robotic nurses will have a slightly constant cost, while regular nurses
will always cost higher.

Cumulative Cost Compariosn of Robotics vs Real Nurses
1,200,000
1,000,000
800,000
600,000
400,000

200,000
0
Month 1 Month 2 Month 3 Month 4 Month 5 Month 6 Month 7 Month 8 Month 9 Month Month Month
10
11
12
Cumulative Cost of Nurses

Cumulative Cost of Robots

Figure 1: Cumulative cost comparison of robotic nurses vs. regular nurses
The objective of the quantitative analysis is to prove the efficiency of the solution from the
financial side, in which a decision-maker can make sure that robotics costs less than real
nurses. However, real nurses are needed, especially during pandemics. The high amount paid
for the services they offer is still worth paying as real nurses can perform complex tasks and
do most of the hard work, which encourages me to suggest robotic nurses assist real nurses
on their daily tasks. This solution does not aim to cancel real nurses, quite the opposite; it
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seeks to create a combination between real and robotic nurses to assist real nurses and the
whole health system in improving the resiliency to a health crisis.
5.1.4 The Breakeven Analysis of Robotic Nurses Investment
The last step on this analysis is to prove the effectiveness of the success of this project and its
investments in the financial terms, by performing a breakeven analysis to study the breakeven
cost. This analysis aims to find the point in which robotic nurses will be equal or breakeven
with the real nurses cost. To perform this analysis, table 6 below represents a summary of
the cost of operating robotic nurses. If a single robotic nurse costs 2200 AED, that means it
will cost 26,460 AED per year.
Table 6: Cost of Operating 1 Robotic Nurse
Description

Cost

Unit

Robot Operating Cost Per Day

74

AED

Days in a Month

30

Days

Operating Cost

2,220

AED per Month

Operating Cost

26,640.00

AED per Year

In addition, table 7 below indicates the cost of two real nurses that are substituted by one
robot. According to the estimated scenario, if one nurse costs 700 AED per day, so two nurses
will need 42,000 AED per month, and thus 504,000.00 per year.
Table 7: Cost of Real Nurses
Description

Cost

Unit

Salary of a Real Nurse Per Day

700

AED

Days in a Month

30

Days

Operating Cost

42,000

AED per Month

Operating Cost

504,000.00

AED per Year
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To find the breakeven cost, information of per year saving is used from the previous
cumulative cost analysis, as described in table 8 below. Accordingly, when subtracting the
operating cost per year for robotic nurses and real nurses, the per year saving for robotic
nurses is 477,360.00 AED. When the per year saving is multiplied by the 7 years of robotic
useful lifetime, that results in a breakeven cost of 3,341,520.00 AED.
Table 8: Breakeven Cost of a Robotic Nurse
Description

Cost

Unit

Per Year Saving

477,360.00

AED

Useful Life of a Robot

7

Years

Breakeven Cost of a Robot

3,341,520.00 AED

As a result, each robot nurse having a useful life of 7 years will annually save 477,360.00 AED
and will keep saving the same in 7 years. So, 3,341,520.00 is the maximum amount of robot
cost that will equal or breakeven the savings. Accordingly, this is a useful investment as each
robot can operate and substitute two real nurses and be equal with the real nurses' cost in 7
years. This proves that the project can financially be applied in a short period and can also
save money for the healthcare sector for further innovations and developments.
5.2 Qualitative Analysis: Survey
5.2.1 Objectives
The survey objectives are to collect data explaining the nurses' experience during covid-19
and if they would prefer to have robotic nurses to assist them. The survey is a great tool to
add quality to the analysis by communicating directly with the experts in the field and
examine their situation based on the answers provided. Furthermore, it will help validate my
alternative hypothesis of approving the need for this approach by the experts or validate the
null hypothesis of no significant relation between robotic nurses and the issues raised in the
project. The analysis is done using the statistical tool SPSS, to examine the relationship
between the nurses’ experience during Covid-19, and their answers to the sections that
suggest the use of robotic nurses. By understanding the relationship, it will be clear for the
decision-maker if the nurses' experience during Covid-19 is supporting the use of robotic
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nurses and encourages utilizing new technologies to provide a better experience for nurses
working in the healthcare sector at this hard time.
5.2.2 Survey analysis
Through SPSS, different analyses were done to examine the relationship, frequency analysis
for the survey sections, reliability analysis, correlation analysis, and ANOVA regression
analysis.
5.2.2.1 Graphical Representation for Demographic Information
The initial analysis of responses shows that of a total of 100 participants, 88% were female,
and 7% were male respondents. And 5% of participants prefer not to talk about their gender.
As shown in the following figure 2.

Figure 2: Nurses genders
The marital status of the participants is explained in the following chart. Of 100 participants,
40 were single, 54 were married, two were widowed, and only one was divorced.
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Figure 3: Martial Status
The age group of 44 participants was 21-30 years, 41 participants were 31-40 years, 12
participants were 41-50 years, and 3 participants were under 20 years of age, as explained in
figure 4.

Figur4: Nurses Age

5.2.2.2 Respondents Experience
The participants have different years of experience in their work. Of the total participants, 25
were having experience of fewer than five years, while 1 has experience of 4-6 years.
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Furthermore, 27 participants had work experience of 6-10 years, 23 participants had
experience of 11-15 years, 19 participants had the experience of 16-20 years, and 5
participants had experience of more than 20 years.

Figure 5: Nurses Work Experience
5.2.2.3 Respondents Qualifications
The qualification of 69 participants was bachelor's degree, 22 were having master's degree,
four were having college, four had high school or equivalent degree, and only one participant
had no degree, which is unexpected but might be a human error when answering.

Figure 6: Nurses Education
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5.2.2.4 Experience of Nurses During Covid-19
In this section, nurses were asked eight questions to share their personal experience working
during Covid-19. These questions were designed to understand their need for technology as
a solution. For example, in the first question, participants were asked to rate (1-5) their
workload during the covid-19 than workload before the pandemic. According to 61
participants, their workload was extremely high during the covid-19, and 22 were having an
increased workload, as shown in the figure below.

Figure 7: The Load of Work During Covid-19

5.2.2.5 Frequency Analysis for the Nurses Section
The participants were asked to rate their satisfaction level about mental health and wellbeing.
As shown in figure 8, from 100 participants, 20% were highly dissatisfied with their mental
health and wellbeing. Whereas 32% were dissatisfied with their mental health, and 37% were
neutral. Although 9% of participants were satisfied, 2% were delighted about their mental
health and wellbeing during the pandemic.
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Figure 8: Mental Health Rating
As shown in figure 9 below, from 100 participants, 67% strongly agree that they are having
excessive fear and worry about their health and their family. Whereas 23% of participants
agreed, 3% were neutral, 6% disagreed, and only 1% strongly disagreed with the statement.
Overall, most of the participants were having excessive fear and worried about their families.

Figure 9: Nurses Fear
From 100 participants, figure 10 indicates 6% of participants felt very confident that the
availability of PPE (personal protective equipment) is adequate while managing covid-19
patients. Whereas 22% of participants felt confident, 25% felt somewhat confident, 26% were
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a little confident, and 21% participants didn't feel confident about the availability of PPE while
managing covid-19.

Figure 10: PPE Equipment
Participants were asked if they have provided direct care to a confirmed covid-19 patient
during the pandemic. As shown in figure 11, 89% of participants were involved in direct care
while 11% were not involved with the covid-19 patients.

Figure 11: Providing Direct Care to Covid-10 Patients
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Furthermore, 91% of participants had direct face-to-face contact with confirmed covid-19
patients. At the same time, 9% of participants did not have any face-to-face contact with
covid-19 patients, as shown in figure 12 below.

Figure 12: The Rate of Face-to-Face Contact with Covid-19 Patients
In figure 13, during the Covid-19 pandemic, 83% of participants are not having regular contact
with families and friends. In contrast, 17% of participants are having regular contact with their
families and friends.

Figure 13: Nurses and Families Contacts During Covid-19
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To understand the tasks being performed by nurses during the pandemic, from a total of 100
participants, 61% strongly agreed that accomplishing tasks is harder with the risk of getting
infected. Whereas 28% of participants agreed, 9% were neutral, 1% disagreed, and 1%
strongly disagreed with the statement.

Figure 14: The Tasks During Covid-19
In addition, of 100 participants, 74% strongly agreed that working as a nurse during the Covid19 period is more complicated than regular days. Whereas 21% of participants agreed, 2%
were neutral, and 3% strongly disagreed with the statement. Most of the participants found
it challenging to work as a nurse during covid-19, as shown in the figure below.

Figure 15: How Hard is Being a Nurse During Covid-19
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5.2.2.6 Frequency Analysis for the Robotic Nurses Section
This section indicates if nurses need robotic nurses, and if they accept being assisted by
robotic nurses. In this section, nine questions were asked, and based on it, from a total of 100
participants, 25% of participants felt very confident in robotics while managing covid-19
patients. Whereas 32% of participants felt confident, 24% felt somewhat confident, 13% were
a little confident, and only 6% did not feel confident in robotics while managing covid-19
patients. Overall, more people had confidence in robotic nurses to manage covid-19 patients,
as shown in the figure below.

Figure 16: Nurses Confidence in Robotic Nurses
As shown in figure 17 below, from 100 participants, 55% strongly agreed to encourage being
assisted by robotics. Whereas 30% of participants agreed, 5% were neutral, 6% disagreed,
and only 4% strongly disagreed with the statement.
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Figure 17: The Nurses Acceptance to Being Assisted by Robotics
From a total of 100 participants, 55% strongly agreed that robotics can reduce direct contact
with patients and focus more on harder tasks. Whereas 38% of participants agreed, 3% were
neutral, 2% disagreed, and only 1% strongly disagreed with the statement.

Figure 18: Robotics and The Direct Contact with Covid-19 Patients
From a total of 100 participants, 58% strongly agreed that a smart hospital should utilize
robotics nurses during covid-19 pandemics. Whereas 30% of participants agreed, 7% were
neutral, and 5% disagreed with the statement.
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Figure 19: Smart Hospitals and Robotic Nurses Utilization
Of 100 participants, 64% participants were very likely to work in a hospital with robotics
nurses. Whereas 25% of participants were somewhat likely and 5% were neutral. At the same
time, 4% of participants were rather unlikely to work with robotic nurses, and 2% were
doubtful to work with robotic nurses in a hospital.

Figure 20: Nurses Acceptance to Work in Smart Hospitals
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As discussed in the literature review, replacing nurses' jobs with machines might threaten
their jobs in the future. Regarding this, participants were asked a question if they agree that
robotic nurses will threaten their positions. Of 100 participants, 9% strongly agreed that the
implementation of robotics nurses could be a threat to their job during the covid-19
pandemic. Whereas 18% of participants were agreed, 20% were neutral, 16% disagreed, and
36% strongly disagreed with the statement.

Figure 21: The Future of Regular Nurses Jobs
5.2.2.7 Reliability Analysis for Nurses Experience’ Section
This analysis examines the reliability of the Likert scale data of the survey by measuring its
reliability and internal consistency. Cronbach’s tool was used and since the below Cronbach’s
alpha value 0.958 is high, it indicates the high level of internal consistency in the Likert scale
of nurses' experiences’ questions.
Table 9: Reliability Statistics for Real Nurses Section
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5.2.2.8 Reliability Analysis for Robotic Nurses’ Section
As shown in table 10 below, Cronbach’s was used also to examine the internal consistency of
the robotic nurses’ section. Since the below Cronbach’s alpha value 0.884 is high, it indicates
the high level of internal consistency of the robotic nurses Likert scale questions.
Table 10: Reliability Statistics for Robotic Nurses Section

5.2.2.9 Correlation Analysis
As shown in the previous frequency analysis, nurses mostly showed having a difficult
experience during Covid-19 and responded positively to the suggested approach. Accordingly,
Correlation analysis was done to measure the strength of the relationship between the
experience of nurses during Covid-19 responses and the effect on their answers in the Robotic
nurses’ sections. The value of correlation always lies between -1 to +1. If the value of
correlation is greater than 0.50, then the relationship is strong. Nurses experience assigned
as the independent variable, and robotic nurses’ section is the dependent variable.

Table 11: Correlation Analysis Statistics

The correlation value of 0.406 shown above indicates a moderately strong relationship among
the experience of nurses during Covid-19 responses and their responses to the robotic nurses’
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questions’ responses. To check whether the relationship is statistically significant we state
the hypothesis as follows:

Null and Alternate Hypothesis:
H0: There is no relationship between the experience of nurses during Covid-19 and their
responses to the robotic nurses’ questions.
H1: There is a relationship between the experience of nurses during Covid-19 and their
responses to the robotic nurses’ questions.

Decision
If a p-value is less than alpha 0.05, then H0 is rejected, in this analysis p-value is 0.000 and is
less than 0.05, thus we reject H0 and conclude that there is a statistically significant
relationship among experience of nurses during Covid-19 and their high agreement to the
robotic nurses’ approach.
5.2.2.10 Regression Analysis
R- square value is used to indicate how much variation in the dependent variable is explained
by the model. Here is a 16.5% variation in the robotic nurses is explained by the model.
Table 12: R-Square of Experience of Nurses Section

To perform the regression analysis, another hypothesis is formed:
H0: There is no linear association between the experience of nurses during Covid-19 and
robotic nurses.
H1: There is a linear association between the experience of nurses during Covid-19 and
robotic nurses.
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Table 13: Measure of Significance Using ANOVA Regression

Decision
To measure the association between response and if each term in the model is statistically
significant, the ANOVA table shown above is used. If the p-value is less than alpha 0.05 we
reject H0. In this analysis, the p-value of 0.000 and is less than 0.05, accordingly, H0 is rejected.
Thus, it can be concluded that there is a linear association among the experience of nurses
during Covid-19 and their response of agreement and acceptance to the robotic nurses’
questions.
5.2.2.11 Slope Coefficients Analysis
Slope coefficients measure the expected change in the dependent variable with one unit
change in the independent variable. The slope coefficients in this analysis are used to check
the strength of the significant effect of robotic nurses’ responses to the nurses’ experiences
during Covid-19.
Accordingly, another hypothesis is formed as follow:
H0: Experience of nurses during Covid-19 does not have a significant effect on robotic nurses’
responses section.
H1: The experience of nurses during Covid-19 has a significant effect on robotic nurses’
responses section.
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Table 14: Slope Coefficients Statistics

Decision
If the p-value is less than alpha 0.05, H0 is rejected. In this analysis, the p-value is 0.000 as
shown in the table above, and is less than alpha 0.05, so H0 is rejected. Therefore, we can
conclude that the experience of nurses during Covid-19 has a significant effect on their
responses to robotic nurses’ questions.
5.2.2.12 Analysis Summary
1- According to the frequency analysis, 88% female and 7% male responded to the
survey, which might explain that majority of nurses are females, and that would be a
reason for having a tough time working during Covid-19 besides their other personal
and social responsibilities.
2- According to the reliability analysis, we conclude that there is a high level of internal
consistency for the Likert scale questions in the experience of the nurses’ section and
the robotic nurses’ section.
3- According to the correlation analysis, there is a moderately strong relationship
between nurses’ experience during Covid-19 and their responses to the robotic
nurses’ sections, and the p-value of 0.000 indicates a relationship between them is
statistically significant.
4- According to the regression analysis, 16.5% variation in robotic nurses is explained by
nurse’s experience during Covid-19 and we conclude that the experience of nurses
during Covid-19 have a significant effect on robotic nurses and is the reason behind
their agreement to utilize this technology in the hospitals as they believe it can make
their experience easier and less exhausting.

41

Chapter 6: Results
The project was conducted to suggest using robotic nurses during the current pandemic of
Covid-19, and the results obtained through the quantitative and qualitative analysis
supported the approach and met the expectations. The results obtained from the financial
analysis confirm the financial feasibility of the project. In addition to that, the cumulative cost
analysis and the breakeven analysis proved the project's ability to allow decision-makers to
innovate and save money at one time by investing in robotic nurses. It is important to start
thinking of similar smart solutions to overcome challenges like nursing shortage staff and
minimize contact between nurses and patients during a lethal pandemic.
The results can allow decision-makers to test this approach by applying it in few hospitals
and decide in another study if it can be fully applied from all other financial, operation, and
logistic aspects. But initially and based on the information obtained from the financial
analysis, I can say that this project is possible to be applied during this period, and that is an
important and useful investment that Dubai should benefit from as a smart city.
The interesting with this smart solution is that it is not only just solution, but it’s a profitable
investment for the future. Besides, the qualitative analysis presented by the survey proved
that nurses in the field are welcoming such solutions. Their answers can prove their urgent
need to be supported and assisted by robotics, especially that most participants were married
females and between the age of 21-30 years and 31-40 years. Hence, their personal and social
responsibilities are more significant with the increase in their load of work and fear during
Covid-19.
Also, the analysis of the nurses' section questions and its relevancy to the robotic nurses'
sections questions proved that the nurses' experience affected their responses to the robotic
section questions, which proves that using robotic nurses can be a solution for nurses working
currently in a middle of a pandemic. The survey analysis proved that using robotic nurses is
not going to be an unnecessary addition, but it will become an effective part of the nursing
staff and will make a change with the load of work and the amount of contact between nurses
and patients.
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It is also worth noting that most nurses did not believe robotic nurses can affect their jobs in
the future, while it might profoundly affect and eliminate many nurses. Still, their acceptance
of this approach comes from their desire to be assisted by machines and their expectations
to have smart and advanced utilization in smart hospitals.
The results must encourage smart city planners to engage the healthcare sector more in their
future developments; it is important to improve the healthcare system resiliency to face
health crises now and in any other sudden epidemic. Although the healthcare sector is
developing rapidly in Dubai, we still need to innovate to add smarter features. Such utilization
will make Dubai a leader in the healthcare system in the world.
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Chapter 7: Conclusion
7.1 Conclusion
Based on the findings of the cost comparison analysis and the survey, I can conclude that
decision-makers do not have financial obstacles to applying this approach as soon as possible
to manage the current situation in the hospitals. In addition, this utilization will improve the
healthcare sector. Still, it will also help save money that can be used in purchasing more
robots or other robotics that can function in other medical tasks like delivering medicine in a
pharmacy, storage, arranging, and providing food. This financial analysis for the robotic
nurses will help explain the argument that usually refers to the use of technology or robotic
as an expensive approach. In this analysis, it was proven that if technology is applied at the
right amount like the scenario created in the cumulative financial study, and in the needed
time, it will not cost a lot, and that can help in always thinking of technology to obtain smart
solutions that can benefit the community and last for long periods.
Also, the nursing field survey helped support the approach by explaining the nurses'
experience and sharing their situation during their work with the current pandemic. The
survey results proved that technology is not an unnecessary feature. On the contrary, it is a
solution that many nurses desire to have. Even though some were concerned about losing
their jobs if they approve of being assisted by robotics, the majority welcomed the idea as the
pandemic seems not to be over anytime soon, and the future can bring more unexpected
pandemics. In this regard, I want to insist on the necessity for nurses to familiarize themselves
more with technology and expand their knowledge and educational level. They can guarantee
their jobs even if machines in the future partially replaced humans. At last, I encourage the
use of robotic nurses in Dubai hospitals, to overcome the nurses' shortage issues during
Covid-19 and develop the hospitals to become more advanced with more smart applications.
This is when we are in a significant need to apply technology to solve our problems, and Covid19 shall be a challenge for smart cities to innovate and compete to end this pandemic.
7.2 Recommendations and Limitations
This study was conducted for a limited amount of data to understand the cost comparison.
Yet, it was possible to analyze the project based on the information available and the
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information expected. Also, the limited number of nurses participating in the survey was a
challenge as it was done online due to the current health status to achieve zero contact during
Covid-19. Still, a sample of 100 busy nurses is accepted. Overall, these are the only limitations
of this project as it would be more comprehensive with more detailed financial data and a
greater sample of nurses. However, the results obtained can cover all aspects and clarify all
information needed for decision-makers. Of course, working on a small sample has its pros
and cons, but the purpose of this project was to concentrate more on analyzing the obtained
results since it is the first project of its kind in the UAE.
In my opinion, the results are reliable enough to approve using robotic nurses in the
healthcare field and not delay the implementation of the project; with the analysis results
and the excellence of Dubai in the highly advanced infrastructure and smartness level, this
project can be implemented directly without the need for further studies. This kind of
development, especially during Covid-19, will help Dubai maintaining a high level of
smartness compared to other smart cities.
7.3 Future Work
For the future, further data collection and analysis are recommended if the project is
implemented on a more significant level for all hospitals in Dubai, even for the post-pandemic
period. Also, a financial study is needed if the healthcare system chose to conduct a specific
deal with a particular robotics company for further customization and programming for the
robotic nurse features. Regarding the nurses' future positions, we need to make sure that
nurses or the majority will not lose their jobs by offering more courses and scholarships for
the nursing staff in digital healthcare and Artificial Intelligence to help them cope with the
future changes.
We need to work in training and improve our resources and choose technology to solve
problems in the healthcare sector.
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2- The Survey

Robotic Nurses Survey
Section 1: Demographics
1. Please select your marital status
o Single
o Married
o Divorced
o Widowed
o Don't want to say
2. Please select your age group
o Under 20
o 21-30
o 31-40
o 41-50
o Above 50
3. Which gender do you identify most with?
o Female
o Male
o Prefer not to say
4. Work Experience
o Less than 5 years
o 6 - 10 years
o 11 - 15 years
o 16 - 20 years
o More than 20 years
5. What is your highest qualification?
o
o
o
o
o

Less than a high school diploma
High school or equivalent degree
Some college but no degree
Bachelor's degree
Master's degree
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Section 2: Experiences of Nurses during Covid-19

1.

2. How would you rate your overall mental health and wellbeing now?
o Highly Dissatisfied
o Dissatisfied
o Neutral
o Satisfied
o Highly Satisfied
3. Do you agree with the statement that you are having excessive fear and worry about
your own health and the health of your loved ones?
o Strongly disagree
o Disagree
o Neither agree nor disagree
o Agree
o Strongly Agree
4. How do you feel about the current level of support being provided nationally to health
and social care staff on mental health and wellbeing?
Your answer
5. Do you feel that the PPE (Personal Protective Equipment) available to you is adequate
to protect you when managing patients with COVID-19?
o Not confident at all
o A little confident
o Somewhat confident
o Confident
o Very confident
6. Did you provide direct care to a confirmed COVID19 patient?
o Yes
o No
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7. Did you have face-to-face contact (within 1 meter) with a confirmed COVID-19 patient
in a health care facility?
o Yes
o No
8. Since the Covid-19 outbreak, are you maintaining regular contact with friends and
family?
o Yes
o No
Section 3: Robotic Nurses
1. How would you agree with the statement that "Focusing on accomplishing tasks is
harder with the risk of getting infected?
o Strongly disagree
o Disagree
o Neither agree nor disagree
o Agree
o Strongly Agree
2. Working as a nurse during Covid-19 period is more difficult than normal days?
o Strongly disagree
o Disagree
o Neither agree nor disagree
o Agree
o Strongly Agree
3. How much confidence do you have in robotics when it comes to their role in managing
patients with COVID-19?
o
o
o
o
o

Not confident at all
A little confident
Somewhat confident
Confident
Very confident

4. Do you encourage being assisted by robotics?
o Strongly disagree
o Disagree
o Neither agree nor disagree
o Agree
o Strongly Agree
5. How would you agree with the statement that "Robotics can be used to reduce the
direct contact with patients and focus more on harder tasks."
o Strongly disagree
o Disagree
o Neither agree nor disagree
51

o Agree
o Strongly Agree
6. Do you feel that a smart hospital should utilize robotic nurses?
o Strongly disagree
o Disagree
o Neither agree nor disagree
o Agree
o Strongly Agree
7. How likely are you to work in a hospital with robotic nurses?
o Very Likely
o Somewhat Likely
o Neither Likely nor unlikely
o Somewhat Unlikely
o Very Unlikely
8. Do you think that the implementation of robotic nurses can be a threat to your job in
any way?
o
o
o
o
o

Strongly disagree
Disagree
Neither agree nor disagree
Agree
Strongly Agree

9. Do you have any comments or questions related to robotic nursing?
your answer
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